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therefore, if indefinitely continued, capable, presumably, of producing an ice age, is astonishingly small—only the 174th part of a cubic kilometer, or the 727th part of a cubic mile, even assuming that the particles are spherical. Since, however, in large measure, the particles are more or less flat, it follows that the actual total mass of the dust necessary and sufficient to reduce the intensity of direct solar radiation by 20 per cent probably is not more than the 1500th part of a cubic mile, or the 350th part of a cubic kilometer.
Hence, even this small amount of solid material distributed once a year, or even once in 2 years, through the upper atmosphere, would be more than sufficient to maintain continuously, or nearly so, the low temperature requisite to the production of an ice age; nor would it make any great difference where fhe volcanoes productive of the dust might be situated, provided, only, that it was driven high into the isothermal region, or stratosphere, since, from whatever point of introduction, the winds of the upper atmosphere would soon spread it more or less evenly over the entire earth.
A little calculation shows, too, that this quantity of dust yearly, during a period of 100,000 years, would produce a layer over the earth only about -^ mm., or J-^o inch, thick, and therefore one could hardly expect to find any marked accumulation of it, even if it had filled the atmosphere for much longer periods.
Whether periods of explosive volcanic activity—and in this case, since the locality of the volcano is a matter of small importance, the whole earth must be considered—occurred at such times as to synchronize with the ice ages and with other epochs of great climatic change is, of course, a problem for the geologist to solve. However, this-much appears well nigh certain: Since the beginning of reliable records, say, 160 years ago, the temperature of the earth, as a whole, has distinctly varied, but its average value over that period has been perceptibly lower, possibly as much as 0.5° C., than it would have been if, during all this time, there had been no volcanic explosions violent enough to put dust into the isothermal region of the atmosphere. Similarly, on the other hand, if, during this period, violent volcanic explosions had been three or four times more numerous than they actually were, the average temperatures probably would have been 1° to 2° C. lower, or low enough, if long continued, to depress the snow line roughly 300 meters, and thus to begin a moderate ice age.
Effect of Dust on the Interzonal Gradient.—If / is the initial intensity of radiation of a given wave length and al its intensity after passing a unit distance through a homogeneous absorbing or scattering medium, then its remaining intensity, after traveling n units distance through this medium, will be Ian. But n, in the case of solar radiation passing through the atmosphere, is proportional to the secant of the zenith

